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ft1e uae ot abCfttft tor GabLbu,ing ;asr1cul.'llhl 
a.lei-tale 1• 'blg butiln•••·· .Repoitts t~m all. ~1 . o~ ~• 
t1a:rl4 ttU. o't $xpe1-lt:bcec lb iJ.a,ttflbu.*iftl v.,,lou• iaatolalt 
auoh ea &J>"•71 4\Uit, •oed,. f .enwrie•· .and sntnll••· f'be 
te ~J.ah xaotl.va'l'J,lon to• this ue ot a1ttel'att ar be • ·'QIWl!la. 
i-1z d bJ a qUO"tatton tro Lehaann (.20; p,. 441) . 
fhe alrplaae• •bl•t \talue to· m.oa1J opa11tora 1• 
'the sa'ftng ot '~ · th In ao•• np&»attouil auoh 
u aeeding or whea used to •PPll tut1 , ""'· 111• 
otto14e• °'* liab1ot4••• the a.o:nd1 tlon ot me 
lancl ox- of!op ·q b aueh ;hat a si-oUb.4 ·ehui 
eou.ld not 'be use& at au .• 
~on '15) ot the Clvt.1. At.,cmau:tlee Mld.n1ath't1on 
J!'~o~ed Ul 1954- tbA o'f'eJP 1000 alruae'D we.re th.ea be1nsr 
opented bJ Ml'lal a: pU.oator t1n• ln 'lb inl:ted. Sta' , 
ot the e, onl.J •lJ.sb.tilJ more thfdl ·on·e-halt we11e pl'Obab.l.y 
r gta'tel'e« a• hll t1u aptodtual. a11"ctrdt-. ln 195&~ 
.AvlaUon: Week (2) ~-~tea 1+200 .. eg1ate11e4 tu.U 1 •1""' 
o..aitura1 atreratt. 'C1v11 A• 1 8 (fl ctetln• . 
•S'"leultual a~ . t a alro~att opeJl':. ,;ced toti ·the special. 
PW1'Pose eft ·~ • ., • aprqtn • duattng, ;ma. aeeMns1 
Uveatook .. na p:r•k1Jo»f animal coa•two1 . .. 
!he uee ot alr<1l'att f 'Ot' .applf111i uw.tel'1al ben•IS.d.al. 
t:o o,vop,• 1 •• (fb.tS.on. o• eo111• no·t nw. la 191.f aeo$»4• , 
.tag to F<>r (13) 1 a Lou1s1 na outton field waa a.uatth! Wl th 
an . 1l'J)ltmth %.n 1910, dnat1q v.aa a'tte pts4 nttu Reao, 
•••Cl (19) . !h expecU.eno t earl.J ert appUoa 1o 
thode 1 1.ncllo t 1n an Wl'1gl (37), 1tating 
t 1n 1919 a Un1ttd atatee ta~ er bartered a plane 4 
laJ on 1 s wl epr1nkllng 1 •eo,1 lde o t ot a bag •• t 
al · 1 paa ve hle ti u.. oh ot th• above 11•t•d 
authot'• contend.a t the 1nata.nce h otte• 1• the t1rat 
att ted ot th lane to1> a l.J1n . beneficial. mate-
1al.•. e"t'er, Clo d t,t 'lk• (lo), enoh (lt;), 4 -. 
1t ej. . (30 ) the t1r-s1 au oes•tul :p l1cat1on ot 
1nseot1 i d tro a1 o t b.ro ' o ubllo t1ent1on a• 
don the a.tlon 1.a 1921. 
At ;r ti Ap Uc tion ot ··Y Ka er1ala 
• u l ted tates part en of A 10 tm-e etarie 
v k on al lane &us•1n tor co,ton le t wo oonti-ol 1n 
1922. Thi• VO~ 1• r•p %''• 'b7 Co d tt .... (l.O) . WO 
Ourti•• 6 • orld War i. tralnin p ea 11o ed b1 
United 1r SerYice pilot• we~ ob'-ine tor t e 
work . 11• t e duet1 don one 1e 
ooo liabed u ln a ho per ban 1 
Un1 t ,e t tee »• tmeo.1; of 
earll•~ in Ohio wa1 
e tuaelag•• 
voaer• f 1 ted 
-
• 1• bopp•r in 1de the ear, obaener•a oo kplt . ~ • 
bopper ,,.. d1ao s•d. tb:ltough • il'Cul.&r pipe v.hl.ob paea• 
throu th tto . r the tuael.ag • • design 1.nolu 
a ont-ott v ~• 1n th b tto ot t • hopper an a hand-
OS-ank•QPl:t&tl4 1.Pa4dle Wheel tor 4uet ag1tatlt>n, 
A aeoond hopper waa eoastno•eo. wt'lhout a pa&Ue 
•••1.. A rou-ua veJ"ttoaJ. tul)e w.ttb • tmm•1•4 top 
ln lind 1nlo th• al~ et•tant waa aub•,1•ute4 o &14 s.n 
t11d.11Jg. f1U.a 'u'IMJ ede1Ult4 d.on lltto th• MPPD •tepp1ng 
•lu>•t ot the bottom• oau!Jli· hlal'l ••lo•itJ au- to •ove 
thl'ouah the l•ohos• hale .1n the hopper 'bot•oa. IM•' na 
Oa.1'1'1•4 wt. tll the Jl1;b. veloei:t1 at». 
'Rb.e two hopp•H "" laet.U.4 1n th• napeot1Y• au. 
plan•• and atea•l••lt te•t•4• 'lhl a44la Wheel ..... ,.,. 
meat ·va1 oite au.ooe1atui, a11he\lgh 1 t b.n4 •h• U•a4Yan tac• 
Of requt.r1n1 a man:, Ul •Ml't:S.on 'to the pilo11 for the p\11'-
poa• ot t1aftllag the hand uank -art4 op:Da'tlng the •al.•• upon 
the et.re an4 completloa of a •wath_, ae1Ul"t;a shotte4 tllat 
aeitial oot-.on 4u••IAI ooulA. i.e •aonoaloall.1 p»actloa1. 
Ia 192?1 ~ ll fAl. • ()0) ue4 dJ,tpl.Me• to» boU 
ve••ll oonvol eape•J.Un'Cs in tea•. Be eatlonea that • 
p»opt.U.o ·41-1•.m ap.tatol' WY ••d 1n the hoppe• ot •• ot 
the all'l)lan••• A 'ftnt•l no.azl• placed. Ju:Dt :t·owad o.t '1le 
hop>e otatl9' was u••d oa .ano1hu ai.rplane. fh.oma11 tboqlflt 
that 'th& · noa11e. waa an altl. tn ot.t•lnlns dl•••lbutA.on ot 
laaeot1otu 411•. Little a.tsentt• .~~ pwnou•lJ' been 
~· "'' ~· \ ,f 
stven to 41at,.11N:l1as ••·•~1a1 arteiP 41••h4rst noa tu 
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Foi-e b •u.ntnt11 ••~ idle i.-20 1Jd1;"1Uatti haY-h' t& 
OOatplaeA\ the' &J+? baapo11t,. .. WO u ••Pl"•• ·:o, tiw 
Al• roro• u tu Udat a~ be•• tul.1,t4 t• 11aUibUtt11s 
wo&!I; Yolot11 ·~~atal epque 'tia:Yt Wen t••t•4 on 
'the ~zo., Jn 19J1+1. • puula lnseetio.l«e dla•iwttau 
4e.-S.ce- :ao 4twitJ>•4• f»~ •t•t>'td ,., llt16 l.n a lo~ 
peu4 capactltv al.'Wd.aa ~.,, ~ boppe tilld •» *'€;•• 
teal .Ohutt wa• att•okn4 ••a •lot wau.ag t.M .1encth ~f 
._ h.ollPCt botto •41•· fa!• t•ot •11 patkld ~uea * 
·uel'a •ell ln the :bt.l"o• •' ·the h•flAs•. d4 Jda1a a '.boa 
wmu•• fo'Jt« at. ati tnd.tt · w.-e oPM· ftd• ven\un boa wai es.a 
taehe• 4"p. * !ntMG ¥14-1 MA 'l~J -.n.ua ~- tiMJ 
flow OI 1bl t>oa bad a, -teeln.Qh •1•• x-esul.'ttng 1.n a 
f.98184 OOfl'YDflng-diV.•ffAI &•tion. !he·. ·6fft#Otl.Y•· •Wiit 
wtttll "!)btdfte4 •l'.Sh thu 4•1•!•• ·wae ;JJ t•et,. Howe..-, 
IOth• 4•v&le)'mtnt l• 'b.._ toal4'16tt4 vttla. Wl4U •••• 
Wld.tb an •bJ1riivt+' 
:a•• (6) in an •xt•ul1•• •Wfl•w of llteatve t°""a 
that Rulli.a ho.4 •t:tn&ie .et\ u4 )!'tooPt.4 •• t1"1: #1.Pn-att 
~qlng ~eleetil a 3$11t., Uttl.9 ~M~ lmuUate WM 
••fJ a..e nth~, , auce las•l•bll o•tld-1• ••••rt 
the p21tnolplll in1eotl•1d••· Dtn6 (14) repo111u1t4 b 1941 
tl\At h4 had o'botffett •Pl'.r1ns Of' ll4alf1 1naut:l•lae •lth 
6 
i • 15 pre no 19 7. 
Off 0 ., 
~ 1H 4 
utt 1 n 17 0 blt • 0 
• en th . po1n t 0 O«il 10 . o the • 
t tn e · lo des. A• ,.. el t 't0: 
' ook• (.5) :o olua 
t • ••4 to er l. 11 ' 
dJ e 
.. 1 • 1 c t 
Uu a f VO v• 14 t 1't 
a!. ., .. 
4 a1 
t tti.oteni net , .., 
1 • N4 an el 
t ,. 
y 11']) •4 
0 p i\ .. Uo pte 11' r ' t ti."1.dll . 'ine l1 op• 
u le 
1 1 aU ts.el • 
? 
to o l so• C'A....,. • .....,...-. t •PP o tlon f .,. 
al r-.n ot T. 10 a eise• ¥1th vere eonv•n 1 
t1on f Otm 
'1 • au • he ttr t 4il'p1ane - &1 ed. 
,, p~iq1ng Rn . sts.ng • l.. ru. 
lane v 1.ra 48*1 d tlo ln 1950, an l • 
•c1t1c tto~ bJ We1 ( 31} ,. o wa a ob1 t 
ontrlbu r to it:s desi • r ~ r4 • tc1a11'te 
c n 1n . 2 nd• ~» 'f•H1on 
1 
tr aA 
tr et i-. 
.. 11 bl.e. 
(23). 
iota. 3 b 4ovel.ope 
• . (34) ~· •hat the A1P 
• • •lle1» · 5 a la.UJ 
ational A•f 5, 1 lane, 1• la o ott n 
r f' · 1 i ls pro •; 
duatlng {1~) • 
cat,ao1tle• in i e r • l••• 
1 • oh u t'onata, 'M n u-eo• ahUt 
lllMlU:UJ··· c-47 '1' •• 
v1 • awath•, • 
~·•n•....,:A41 1 ge tdrplanea t 
tel' 01 '1 bav shown •rlo2t'1 7 vu • ll• 
$J:' &1ru .. ldUiiB8 t • 8 Jt1bu.tln feztt111i•• 'Vi 8• •• ( ) lJ 
oa ee· b1 a• 1 . ••• ' co d tt•l 
~ U!l.). inc he com bo ts. eo 1n all 
•J ).' Q 
to control ~ ·1au I v1 
u.nd applied 1.n ectlo1 ... l.7111 
ia..&:·u• wt h . •• bu · e n 
ot .1tr1ou1 1n uat 
•• tete .. 
en 
l • en · ot ns ct1414•• 
A• ial • applle ln•• 1 14•• have G\la · he l••• 
unc:i-mao1un.- ll ett ti v 1 1"01 
!Ju• t1 ld••· u.n an er1al 
Il.11no1• b IA· (~) . 
g1 bor oo tr • 
11 aprq •• 'ho . 
Uc tlo 
In 
1 Io f1 0 
red 1 
«u•• tor bo 
'Crol w. • o al 
li- Uea11o 
:r l:' oon J. 
ie p • 
• 
iff1~Uk.e£ '1!•!i!t&ALb,,.., 
Granul.a 1ruuuittcid•• w•H ttHt use& tOI" ttt»n bbl?'ttl' 
eontl'o1 J.n 195') tih.&R 1ee1is we~• cottduoted ·. t the ten Sla~e 
Ool~ge .Mlk~n1 ft.ell &t4't1on (U) . G.li•un4 uohi.rtea u.sed <00 
appl.1 the LnseotietS.d.e w.. two snod1f1ed. pa.ea 1eea..»a and a 
1u1wu 4u•t•r .. The mocttt1•4 paaa ~ee41i-• van mo»t· l)atl..., 
t-.ctorr, Re'1ulte ehl\ttt4 tbt 1~;;mula lYMt1ot4e• ue d 
tteot1ve. ol"' pci.atttblJ mo,_..e. etftttltive, ihan Ut&td.d apJ-81• tor 
eoin1 bo,-11~ control. 
~ geomev..-1 o'£ the cc;l..'n pl&Ai od the phJs1ta1 pllQp• 
•:rttes .ot t~ gi'.'&.ruale• !lade· 1t poaalt»le to 001teenll' 1'e 
·lnseot1<.J1<lt l .1\ the oo•.n whoi~l wher• bt1~era t••«• \the• 
pauular tn•ectlotd•e •• ~el.easo4 aboYe the co~n plan'C, 
fl 1~~1& fJ-aCtlort etrtke t,hf); lti~VEHJ·• or tb.tt f1'A'Gtlon G'Cl'1k1Ag, 
Nn1 et~t.k• 1.eavea wbio.h •l.opo towe~cl tll& Wl\.w1. lfheae: 
Sf'MUlf.J• _, a®ecrt t~"» " 't1m•* Mil thtn ~on lJ,J.tC> the whorl, 
or 'he1 ma, roU diisec'blJ lttlQ tht woorl. te1ar mo••••t 
eau"d 'by tCJ~os'1 euoh a• w1nd oun1nte ~rl:d tbs pat:UU.ng 
mach.UUl S;fteet •he l'at~ at wb1ch g~l.•• a~e d1reo,~d. in.to 
the w~l. 
't1w po &lb111'1 at $U.Oeesafttl aeJ!1•1 app:Uaal.loa il$fJ 
a m .Jo~ tmpittna to the a.:evel.011••.nt of panula 1:nlllsot.totd~•. 
At1'taU, applied dtu51i drlfts with ta• w1n.4 a.xo•s•1.~1J'. 
eev•i-•lr' 11m1t1ng lb• 11eehlae1• of aetrl•l. appllctatloa., fu 
rel.at1nlr ~I• pN.'t1ol.as oompos1nlf g• a.~ 1neeetic1G:ee 
tau wt•h leMt aJtUt 1hlm ®•·t 1>••tt•l.••• fin•• pa:m.t~ 
tnaeotlllld.se wer• ttN,t •••4 1D 1,4', :both aa•1a1 .a4 !Rllld. 
•PJ>11••'l•n ha•• ~ome 1.bipor•aat motqa1.to eentl"Ol ••~i• 
ln 'he bit.a Stal••• In Ohio., •••1•1 •nllo t1oft ot pau• 
w tueettcla.ea ~ prt>Y14&4 cpl,t .tlebug oonbo1 eq••l 1o 
that obt;dne4 b1' pcnui« ·ap;r,11ctrtl,on of e1thel" .,,,., op 
panul.es ('S ). in 1a•Bl,. O'dlll&JI' tuaea\leld• lul'f'e pPVttb 
u1utftd. whtan•» ~•a.aoe& ld.ai. tbrltt ,~n4 a'blU17 to ·pene,nte 
a.en•• toli•ce ••· 4ea1t-ed e~ut&J!f1•1t.e.•. 
Althourh toU.1• pee:ti-.att.on l» no1- a rutoeasa.r-1 :1ne11o'l1.•· 
ot.4e: ouJ'lw ohaPatt•l•lle t• ••1•1 com 'bo••• aon•oJ., 
••·•l•tanoe to w.\n4 O»lt1 l• impo~t:sat. ft. '*"11111 ot 
panul•• ,.., tt0U lnto th wboi•l ot th• ooR pl.tutt te tmpp,..., 
tan' ln atP:l.a1 •• wU •• pod4 appUoa,!JJa. 
ra•~ab1• o~aots.t'S.111Uc• ot pc•1•• ottn pnml•• ot 
••~n 'bo.'f:•• ... ,nl vtlb ae•l•U, appUe4 peula. 1n••ot1• 
e14t• equat to oon•~ol obtataed wttb. p:&tm.4 epplted .1Meotl• 
old••·• 8tnce tht ~eeent •tat• of atroPatt an« at.nl'Aft Ut• 
•1butor t.enl.Opaea' raaes 1 t aeoculaa"' io bwadetu,.t uttl':l~ 
o•ei- tho tlel« bflq tiieate.ct. ••Jle .b•1ot101.'4e m 1 bt 
Nq1d • .rti ttuul. wi.tb ~4 ~Ida• .appU.oa"llon,. ~uJlll 
uohln,M an ;Jap~l• at eppl;ring a nano• band Of' IJle.aot&olO• 
O'Y&l' the plan' nwa h•w•ve•. at ·Oct •tine ot eeoon&-~oad. 
acrn 'b&l'9it O•••Jt#Jl *Pi>Uoatlona1 ueu.111 tb ~ plan'• 
ha•• fillet. 1he ftW'1 1 glvt.na W.,t a.-ow•han& appll•ats.on 
u 
u •\to a l " .. 
ti 
•t ~ tlr• , Jl 1 0 • 
• a 
u ti.on. 
• 1n tlel. 
1 tnt•,.loi- ol. 




f th• WO~ •: 
o et• n h• 41• 1b 1on tte tor 
e e ttv .teo' t 1 
,. •• • u.re 1. 
1;h • lha 0 
· val\la jl 
1 e ts. 
1 1 b ifOrit 1f . 8 t 1"' ct 
toword ftnding 'What i?.\odU1cf..t1oa•, it dJi oou.U »• appl.l•ll 
1io the dle~ibute to 'jJaprov• lt• o~adteP1&!t101 when ue.i 
to appl.l pMUl.ttl' llM·•·tt.oides., 
., 
U~e t t 
8 
l ' 
•1•• . t 
• t a t• 
( 9) ••l 
ling 
to a1 er •• 
1 ot o w1 • 1 • 51 feet. l .. 
I r _ ................. •• 
l 
1 .~t ti. . . 1 . "o. 001 .. ... , 
ua• A 6 • 
t 21 
• • • • l 
1nal io o·u "•t•4 ••a•urtn 
1 •• 
, tb.«t • ot ra oa 1•• ~tti.a · o eave 
llP " · . 
eeor1 e ·• •••• 1n t t ·on ••l e a 
..,_""~· o•• . ct•d fl V• t11e . o ,. 
•·. 
t 
tUSl\\•, A U.lht•Mlght ~-q~e-.iuh ,platton ·Ob wh!.oh 
aertallr appU,•-4 Mle».tal .1gb1. lit oo.1.IA4t'4 •••. e.44•d •a 
e&e1' 'baleoe. Pn1leettw 'bo;P:fl oown(l deUcate pot,1 of 
... lftl,JNaett.ta. , the IUCce•oa Of thet.te ba.11.nee• to11' :Ooar•t 
nt•J'lal 1• •u••ttoaed., elncut la, lPJI> W•lok: (,a)', al.lo of 
fexa• A a •• Hpo~Mii ·oampllfta 11-1ce #ftt.4 41a:&nbutS.on pa\tllftl• 
with wo.4 t• · . ·a haVS.ag fa**'h btl1;1o••·• 'Iha , .... ·were 
plaoed tl\fe tnt on eant•2'• an.4 attn tack t••• the numbe 
· ·ot •"'41 oUtette4 la ttaah wa• oo.uatd ·dA reo•rd.e~, 
t:a 19StS ~lu. '•4 Xotms 4Bl •.Pwtt4 eutnnt•tul. 
puul.o matnle.1 uat111:wllcn ntt.•»a · me•••em•at . ~us 
·Oll'Olild ll•lnOh~'bel'_. • e;e-,lJltWtutp llllt P111Uh he 
•eight ·or eoUttct$4 .•anlpl•• WaB .ftM!ldu:ro4 Wi. th a ~f'.u1oaa1 
'batanoe., !U.ntr puotttt ot the knowo 4llttht.rgo wa.a nttMWl"4 
to1t bf tht ool.1•••- •••~ 
A ~r •t '11.PJ.ablts ·tntlutno·t the lttoa1lba Md 
. Uat~l-tlel\ or an ttatrie.lll epp1164 sarttJtl*l, ·. lmt .... (29) 
rt·A.u.net 'bat cievtatl• t~om iu lnteatod ·path ot' tllP' 
4-• to t>Uo' ~o» P4 mat••loll.ta1 and tQ1>0....,h10d. 
tut•r• ·P71Vt:ftt1& unlfo»• IGft"lt> .,. '4Ht,..1l\llJ app11d 
ftter:ui.. A l"tCt~ld ;pdUl"Jl -~ 1198'U1t la Q'""'•' 
vt~l.ps 1-'lwffft •wa'1Ja. An. OVtJ"U:pp:lrttt 4lab!bllt1:m p1ttt:e•n 
wcu14 be ntOH 4••i•a:ble •'boo UDtreatei st3'lp8 woul.4 aot bf, 
1 t • A •'tl'1bu1 o t rn 111• • 
de 1r b • • Welolt (:JZ) no d t 
he le •t Y r1 t1on 
1n S1 8 WU tho 
tttl tt• n 
••• 1-l.an uia pattern. tt•oi1 •• 
vidth ot omt-Dl&lt' the t l swath w14 · b.., s1no · a w1d• • 
t• · •J.r nd the 1• • l . 'i to b tot awat Viet 
• . h • · betve the reot nr-.-·-
••• . n b to ot a tr 
tew. 
(28) enaivel.J' •a ed • ettect ot wia 
~att lt1tu on rice se d 41 trl u 1o . Be _a 4 a • 
ttl. wi 'tth aeea to ot 
conv . ~1ng au est a, d an 
man1to · pre.a ue ere l · oAStant-. ._. 






· ao e • aovationa n · fllat 
be t'e•\• voe 
wa no' ltPl lne 
r o pp to • 
a aaure:E1H!m e lln or :u t r la: 1-ve 
eta io wa n te • 
au • how up t 30 _.cen Y iat1 1n •• rat• 
tro " e r t tof! • nunabu t •un•• e:t t t 
was " n 1t a p8Jl1o b\ 
. "t were ua1 thl• ••l t1o • fr, n w 119 pao 
er e to the l.1.n or tli t, • w U 
th l1n ot tll t . Re ulta d1. · not 1nd1oate 
eonolu lv l1 bat t ue a a pet"-104.to or "'#lwi.tU· rl.uctu .... 
tion 1n oted1n te,. 
The oa ._ onent ot · ttld eloott1 r •• e t tb , 
dll' ot1on r t11 ht, " te:rred to · e • wind• and a.t.ro~ 
tttud ~ und l ted to a th •pl.Ro• n , • 
nt ot t ta th tw ~ .... 
f, u 1• •how ' bl.• l.., 







High l' cJ'o a wind alJ.g ,tl.f incre ed awa th w1 h . It w 
tho ht t 1nu aa d ur ulence coo pan1 higher wtn 
• . • one1 le. o~ a 1Te al'1tu •• te~ 
eroee wtn . 't nd t ban e the 41 tll'1but1.on pat er B P• 
l? 
w1d h N \ll.te t hi Ill.ti~ ••, 
ot th Met t. ut1on pat •m w not •tll 
Xtniu£& Oie.xr.& yte1 ll!nR!:nAt! 
ntal. lnve tiga tl n ot he b · v10 ot 41'1 
tlu-ol.lgh an ain~ l• r1buto1" vaa oon-
¢ o (l.f) . he tun tlon ot an a1 l'af1 41etr1• 
bu.tor 1• to 1Ye d dire ~S.on to th• pe.i---
101 • t uteri to • ap l .led so •• to obtain the lffd 
dlatrlbu io pa •:rm. o u•e erou.• • bl•• otha 
c11sti-i tor dea1sn de •G: o te••d in tl•ld t ai1ns, •1n4. 
tunnel work waa tt ie • A repi-e entatl• aeo•J.on of a 
vent rl at~1buto w • t••-•4 in a non-•• 1 
unnel. height ot tb 41.atnbuto 1eot10. •ae a4Jua,a'bl• 
to ob ·w vai-10 • uo ,. ot .o n.• r nee .n4 d1'911:Pgence ot 
t • dl•~t-!buto:r a · ctlon. etw e.,.S.•• ted ma.ier1 l. tnto 
th• hl'oa' ot .e &etrl uto.r 1n a '2l4nna' •1 lu to t t ot 
ro •rPe ~ lane 41• rlbutor. at, t rt1111er. d 
duat r ••4 a vm-10· r es. V lo it ot •h t a u 
SUI'• w1 d of a pr C1• 
1 v lo 1:t1 t1:>r whe '• . n irUo t •• 
cool ''d r 1dlr tua't, It •PP8d t f@ h1 
rate• ot ter1al tlovt a 
1• deas. bl•. • ·re.bl 
all llUllO\U\' ot •' ~••trlo,10 
1gbt b cirOUY•n d b lng 
the 4i.,tt, ,1but• l.as••• fh• ••• ve2Ae11t1 •t tke wheal 
••• ·an'NdJlaleJ.7 ••••touth 1l'he· lnl.•t ttlool'tl 01 th••· 
Wtth ~.tone tltnfu.1 1llW4• ·-. usv:in•••· aegatlff; 
P•••s-.a wt~• obeenet .ta iht 4ltt•lbU.1'e ti..at.- Zn 
a•ne~.i, 1'dw1ng 1iht ~••* •••• ••t&u ~·-·•' tu -.at 
PPf18$W(tfJ •4 lM119U'M ~-· Vllfltt't~· wt.Mm. 1'8 poau d 
•Ma't pe atwut1 •• •••••d 11.te the tloH.ta1, · tblfoat prea .. sue'. 
w . - on:i, •Ue;.1\tlq negattve . ., 
A ·-~ ·ti•tM\mti,t'ir A••lp .~.1Ul1 'bse4 OA w&at. 
cwnte·l 1n111.-.11.on 1011>t·•.tned b1 u .. ,, t1f) waa eamp.J..at•4 e1 
, ,e•a• A&: M, w.u .ok C::!lh repe~t1at on th.la 4'1'101 ~•Neut 
'tbal ntolals: .oo~t:u•a. . ot . iwa'f11 ~,.. pottoJ.rea . auch aa: 
\ 
tUttd an4 f9,ll1Sta' -.re .tsol'e tlffloult ·to 4~p·lf' lJl Wld$ 
•••tM· *••• ••r 1·1111 »apJ.aJr ca. ••·o•lva 11,tl• ail 
t•o• ·~ oWiW&J"& ao ..... 11: o.t lb• -1• llel•• a. •l-1-e 
14•1•·• it •• ttmUSlt• ntr«es:aar tb1 the put.1.•lt• leaY• 
tu.' 41JJ'7lbd•1'' w~• •· •••"·"• t••v••• el "Nl.dj._. lt 
a wlAt •wathd•e: to btt •td:hd• tt 1'a# sp•ottl.Atei that a 
thrunr•r•• oomponeat ·•t veloe;S.t.J woula e.110 be •••l~tae;•fl· 
t<tl" ttri• ••••1*11· •Wd\ •• .. ••.• 
A a.•W1'11 f»ti tilt 41G,l'lbuttll" d ti waa 4t!f'elop•4 fff' 
th• Pl<P•" P'A-111 ~,lea• t• ••• t.n 1tpn i . TJle ti.a• 
t11lWlo• .,,.. u4• ae ~ d pr~et1t•1 ae theft aUi WO\llA 
lJ 
0 
,._,., "' ~r: ]~\'£ ------ ,._j_ 
\.:-2~ (£> ..-----~"'~ 
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NOTE; ALL DIMENSIONS IN INCHES 
"' ,._ 
aacelar•ti the •tolal. ln •· o.o.nmnea. mana.• ta'lt the 
long•at v•••1b1tJ 1u.1w. "'1• l:ooatlcni ot tbt oute:r •$t t>t 
ln,ei-io:r vanes we• d.t't.1 alned. t•ourh 'te•'l1ng to~ the peat-. 
••tt posal le •w•th d4'h• ft6 ett·ect a_ coa•••lintr P••••s• 
ataht bve up-on p2"tu1aun at the ;a"be. was 41.$0 oon1it\Oe4.. 
bt:entloa tube• et !Ot>tustant -..os• a otloa on th• out•• pa-. 
1-.gea talle4 to ~GU p»aotioal l.nc~e11.&es in awa• w14th.;i. 
th . appl1catton llf C>pel\•MdeA tab s to the. •1C.t of ihe 
.a:1a"'S.1N.'10» u -not. dteot awa'1t Wl.d'lh• 
!he 1oeatlon. -ot ti. tnfte» jtou,, P•••s.ses was d•t•a1n•4 
~ugh te1tut1 ·vart()ua -t~td 10 attona , 1d .. 'lh i>nlr· one t• two 
paiuiqea 1n o.-,tra-Otott,, th• J.ooats.o.'na foW'J.d ••:Jt• 1he ou• 
beat e\:d.te4 to ttll in De -••t•• p<>1'1l1.'1'1l·Of t:he·pattna tn 
'Che pi-eatn10 ot · t .Jw -pop&l.l.t!* •lip at••• Wblch ten4efl to 
d.1$$>1.a•• a1aeti-ioaU., 41tpertet4 u.tolal -to the 1ett.-
-the 41•'•ibltt1on pattam ot s-loe seed t>\Jtrd.ttt4 troll Qe 
J.-UU1tant deetp id abtnm 1ll f~e 2, flhtn thll patt,e,m , 
waa a.Med io t.d.•ntlcel a&Ja.c•t pat;tema. aeh pa1tem sp ·ea 
'8 t•e• apet,, a «evJ.at1on· of •1.x percen'C noxa the a'•'-'ase 
-.ppUea't;_lott n.1ut ntu1t$:«.~ 
ialGllDW 41,§~dlalltl .. 
I 
Hen•F (1') l'Qo•tea. tm ~-•~• tontiuote,4 on D.PdJJlltnt&l 
bo:c ahap•4 -11stl!:l.'bttte1's vltb f<tl't fttl· open ~ ett eao 

























30 20 10 0 10 20 30 
CROSS SWATH DISTANCE - ft. 
II 
mat:er-1.Al 't& · • •llPU•4 outh0otli1  A lio toot ett·eot1ve awatb 
•ta.th w.• obta1ned •I.th aae ct '116•• 4it.,.l"D\1toftl ••lfijJ 
30//JO mesh Clt\J •ppllM at • "'" Gt 30 ,. .... P•• " · 
Wt<i•• ,,..,. ntte obtd.n•t •1$ gntnuJ.I\• tetlltaera 't;ltatl 
W11.b p.~ olq. A ae'O.ertas 4•vlo• 41"i••n tq . br'ua.uuo 
mo•ol' bad b1.•a 4H'elo,pe& toJJ •• on tit••• 41••1.'bu.to•••' 
Obdb•~Un u4 ••1 (I) 1-epo»t•·I tn 19$6 that \b.Q 
WH 4tTttlopl.q • Al•ts-t.lN:ted' lkat p:rotuoet. a $0 'lo ;J t•ot 
8Vath 1'\4th W1ti\ 1.0/fio ll•lh a'l'ta~ Ol..SJ 0..,..10,. 8'8 
U•-~lW'to• t.nolud•• ~·· tab•• tthloh atac~e a portlon 
et .. ·· tel.at •!• t.-t t11Gt1 •lthu ·•ld• •t tbt ai.Pplat 
O~H~ttP Untw 
Alble.IP. ll!l£J.M!ll ID& a!tllM 
An .~ha• eqldppH. wSth a GW...,te•l•:Lt d11trtlMtu 
••• tit · a•dkblA to~ toatana *°uah 'h• oou,t••J" ot a 
oo»»'lulro.lal ;ppll•e.tor., ••l•• t.v·•x-t:J ot .'.lt\cu.eaoi.,. Xowa. 
two p.llo1ll vho we_.e amp1oJe4 tor seaaoaal •* b1 Mr., 
La'fntr •lt1mat•1J t1e11 th•· at.-plaafJ to1ll' tbl t•,•h. ,., 
ot the t••t• vwe ood.Uote4 atto tht J.'5' oo»a bo•• ,an& 
paeb.oppn oon,,_01 •euori.-
fbt. al1!Ph'dl• u.a. wo..e a .Pip•• PA-18A 1Cl\l1pp•4 wi · a 
· 1'' havnp.OWtr Lfl.caing agtae, •~3' Ntenect to a• a 
tlptr l3J .hp,w ••• t.'ht l'1pd P.,.llA i• a ltQ41t1•4 tetlu 
ot • P J:t v h t i t•t a the se ot he a1Ji-
l ul1n , pJ'a 1ng, i- 1 te 1a 
U'ti • 
lwn n 
ater1al.t ho--... ·- . b9 • 1ble u- •• f>t i• tank 
.... - .............. 1; • t:i-o ll.q\11 1 
41 " 1bu e ul nt . 
at r1 • dltt»1 or used w • ib on• ee1gne 
ut r 1 our n 
C . o tt.on. th c.Um•n•tona howtl ln 1 • · er bt 
tf!o sui-e e t ot he 1•'2'1 uto us d fl • •• oont1 • 
by ~1per (.25).. ho 11 
r te ot ti 










at• co t~ol.lecl. \ tlow or 
1etel torw 
cu '. 11 ti n 
ranu.le• f 011 oo bore control 1 
x- aore, a r l 11v. w 41 
pl1oetin a 40 toot e t o 1•• 
er · Ul'• ne 11 6,,5 •one •t • 
tre e. · eveJ"1 inute. ol' 25 pound.a p4lt' acre 
pl tea :bl t1 • ot h• 
•• ne-
•A on-ven1 · 
( 3 ) lat1n the · 
• 
e n Of 
n 
• • t 
... 
t ot • 
tlo 
• 1 to 
ai ine 1u. • nrn11n11:•lr bJ 
• 
tu •• . t t Jf'· 'b 
wa• 30/do ae& btn m. t •I. 




• w u 
Ud• 
• lfl 1fe1 ' · ••• Dllllt.rati. 
25 
1• l'ibu 1 n ttl'l•t1 • tof:t rlo•, a tei-1al 
oae tlole •1.c ea 4en•1 1 ·~- JI aohftd t ot r1oe 
oul be u•e4 wt e o.erta1n 1 ot •uao •• tine. 
i tat, T 1n U •1" 
ri-1 .r• tt1t /60 . 11•, '0/60 ae•h 




OtUt1 1• to lan 
tor to t • i-1 
•t m1 t 
00 • ial ppli 
• At' Ola i• & 
bta1nable. Th 
eh tacl u.te ... 
ex o loo tion ot the 
pl1oa 1ng se son. I . ..... 
1n nJuno lo l•h. 
•on 1 wa• de ir-
ble to eo •tr c 
_eh ooul 
a fQ~ s ling -t· 
u1okl.J ved d e• 
. ion tte,m 
pan l 
t 0 • 1n l 1t d p reonne1 oul 
1th th wo , un.1 t were ee • 
anipulatio at t • e1te. 
a l un1 t uld n• 4 to large eno 
• 
fvtnt1- on were .o struc d t 26 
•i• 1. .The sign w 10 tbtt t et 
to hel.p 
1 
• ot ihe 
ooll•O' • .. 
e he ' 
t 1 
J6 
tlreuw cone wtth an al'tttude Gt ala ln«h"Gc.t., fhe 'tc>p 
d1&11e'ter wa1 2,.5 incl\ttil, to.rmi.ng a oolleot1on a.a of ,.84 
ttqU.tt& feet. fh1:s 81'88 lntti-eepta Gh'e Si*Ul ot Mtei-1al tor 
tln appl1tat1on of 25 pounb Pfl"' ao»e appl1d, A lull 1•11 
t.n.teJ>look.lng ••&ca••• t.u1e·d 10 J·oln the CU.v•lopmen1;. '111• 
eeu 101 eo1dt»e4 to p•••••t th• nten,10D. ot paau.lu 
a 'terl.al 'b7 'ille •••• A i.25 lltch M·l• was pitc>•idea ln 
the o•n'tt,. of thf} pdo tor oc>l.leotion ot 'bht panular ma,_. 
i l 1n 1J~e 1Mh t(l11 aaplln« cant. She•• •tHl nnga 
1up.po~'t d. the pan . and • plJVt>o4 bale wu J>utlt tell! the uait. 
'lhis aa• oould · elthe~ ~• plac•d oa the grounA o>.l' atop a 
on .... half inoh 11••t••• 52 1noh lon.s •o4 to't!'i esmpllng d1atr1• 
'bu,1oa ~tt•n• ln ~ora tiel.tla ~1ns tret&4 with g .. ruiui~ 
1.r.u1eoiicldes. A .flh.v1ng ot 'the wait '-• shown ln Fla•• '• 
Glaee pl.at•• apparttnma:tely t1vt lnetut• 1>7 eight 1,nth•• 
••r• lllad• a'l'ailab:t• :to11 ua• l:>t P•r•otmel •t ·the Unite,4 Bba,ee 
Department: ot Aptnlt\U'e Qom Bo1ta Wlboftt.017, Anken1. 
Iowa. OoatJ.ng th••• plate• ""l- • 41.luted wa:ttr soluble 
glu:e,. anade 1t poaatbl.e to ooUtct: .•ample 491>0elt• ot ·the 
dleCat.lbutttm an« Htata th• 4ei>o•l' tor tutu• .ltuapeotioa.• 
as.nee the part1olts of the 4epoe1i A!'t held. 1rl pla•t, 
,,,,..,..--
/ ;-:. 11/4 Dia . 
( ,. \ 
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o l*ff'. l1 ton• 
h• •1i"• • . 
v• 
• 
' .. , 
•1 ,. . el't 100 DOllllltlLIJ waa •• *' 
31 
v • 14 n t t t r . to ts usi.n 
t • • ope 1 et- tor u t 
were ua d to a ply nomin l 2S und 
4o too err ct1Tii •w•th 1dth~ 
ra.nular enton1te, 
la ·. •ett1ng• 
r c~ base on a 
U oo l 10 ot • t sting seion. th! l • col• 
l t <t ln t-be tbre in h e n• eH ea 
an lJ't1cal oe. t 1 u~ d ver convert d to 
ounda P•» d~e b7 1n 1n to aocoun the ea ot the pana. 
fh• inteneit t ap lioat1 n eve~ ' ea ot ~h• p v .. 
••• ed to rtp e .nt the int na1t1 at the oentttt ot the , 
4 thl• ln e1tf vae t on h ue1 1ntene1t7 •• 
the ordinate an· o:roa• •ath a'C th6 · sol•••· A 
ot H ee tat1ve 1 .r1but1o te • •hown 1n 
• s. '!he og nt• aa tr the 1rp n• v 
t l.71ng 1n o th 
v 1• 
th ount by 'lth1 its o nte• va• 1•pl t t • oent•, 
. t tl.1 ' · he ro en ••ll•1 1n th• oent•r t h ttea 
w tak.• a• t • patte center. e '6 •ho • cen tt 
d1 p oem t plo~ agalnat e on•• o en of d 
Ytlo 1 7 tor al 1tudes t 19 o 22 t ••• pp~o~ 
p ~ 11 1 for 41•pl ce nt 1n 1e l 1tud• ~ • to~ '30/60 
ea benton1i 1• 1n.d1 at d a 11J'le on Ft e 6 W1 th a 
60 




















24 16 8 0 8 16 24 
CROSS SWATH DI STANCE - ft. 
'' 
•lope of 2. , teet i•plaoement er •11• •r hour oi-o•• 
010 oneni ot wt 4. Wln had an ppeo1 11 gNat•J? etreot 
on 30/60 •••h at,aolaf 1 41•plao1 tb.e patt•.,. cenitr •1sht 
teet tor on m1l• ptr boUI' croee aomponen• ot nd. Tw 
teet• tol* al.tS.'114• t · 4o teet u.tng 30/60 iaetb ben•oniie 
wel'• tn olo•• peemtnt •hc>Vin a 16 toot aplaceaent to11 
1. tt. and 1. 6 ail• ftt bo~ ore>•• 0C>Jt1ponent ot w1n re• eo-
tt:re11 ~ 
· 18'U'• ? showe he ett .. ,1 Y• eva•h w14th plot'Ce 
alt1tud• to~ 11 eats. !ht etteo lYe awath 14ih found vaa 
b ••d on the • l.1Ca1i1oa 1nt e1t1 at the r tnen . vall•. 1n 
th ent8l" t eaoh .a tern. e u WJ) •P e1ng ot 1.denttoal 
p ttern• ~lob w ul.d. •Ult 1n. oYerall. p11oat1on '"'' 
less t t .•WU t ·lon 1n.tens1 · t t e w th nt•1' 
v lle1 s t. n the ff ot1• awatb width. ettect1Te 
t width b)' th!•· d4t1n1 ion 1 tt praot1oal v u.e 1th1 h 
an :c" l 11 at r oould se to in't 1n Naor1b•d 1•••1 
of 1nh e1t ~ . · •~ ttt t1v av th tr14th• wer ootatned •' 
90· 1le er hot.IJ" than t so iatle• er h Ult' 1~ .'P••d• •-
v ~. he • pat ex-a• haYe ~ r peaks. The p tt•rn• obt 1n• 
t an •lt1tude ot 40 taet ••• ~· t1•el.7 h1gb ettect1v• 
sv tb wtdt.M, but eat.eJi d1tt1 ult1 in obta1ning unlton 
01 un~ • t •ind oond1t1on• t b1gh•~ altl ud•• 
tend to oub'tigh th1e advant •• ular att•ola7 ~• 
1 · 1vel1 low etteot1v ewath w1dtha. 
' 90 MPH AIR SPEED - BENTONITE 
15 • 80 MPH AIR SPEED - BENTONITE 
....: 0 80 MPH AIR SPEED - ATTACLAY -
I-
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ALTITUDE - ft. 
'· 
The two peaked oont1gurat1o$ was tound tor all d1str1~ 
butlon p tterna in Y ry1ng degrees . 'J.'he maximum ratio ot 
1ntens1ty between the center valley and the tallest peak ot 
the patterns tor benton1te was o.sa. For attaclay this ratio 
was 0.75. D ta for all preliminary teats are presented in 
Appendix A, Tables 2, 3, 4• and S. 
Mod1t1oation tests 
~om the preliminary teats, it was revealed that the 
distribution p ttern obtained ue1ng 30/60 mesh bentontte 
differs appreciably tro the desired t~apezo1dal pattern. 
In an ettort to improve the pattern, an 1nveet1gat1on was 
conducted to determine whioh distributor passages contribute 
appr oi ble m ter1 l to the awa'Ch center., Tests were Dia.de 
discharging m terle.l. into pairs ot p ssages only. This wa• 
done by closing ott the tri.angular gate openings not wanted .. 
'1'h o en1nge were closed by placing p1eoee ot eheet alwn1num 
over them and allowtng the material in the hoppeia to hold 
them 1n · lace.. Atter e oh teat. the pteoes ot aluminum were 
checked to sec that nothing lu\d moved them. 
Concurrent sampling was carried out tor two test& 
us1ng row or glass plates paral:Lel to '1!ld t1ve reet trom 
the row ot •anapl1ng units used for tbe prel1m1nsry teste . 
The glass plat$a were held 30 1nohes trom the ground by 
one-half 1neh rods. Immediately prior to the test, the 
t ~i;i.ul.l.•wa."' att cl 
• t • • 
t :\& 
t ought t 
wa e.- ~ l• 111•. 
i . • • 
a the 
em:>aPa~>its tor 




t c s .. 
( ·) toun4 
r 1.o at 
i-t dth t 
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CROSS SWATH DISTANCE - ft . 
wlth a lagv gate open.lag trt»'I cona.uotaa. oa a oala «t1;o 
G»e !h.Ji wla4 ••lA>ettr- ctoul.4 have tt>at»t.lluted •• the MH 
W11ftn patten bbtalaet 't~ tho t1••• 'teatt., 
fhe 41.etrib'lltlon. patteln\ obtat..ned with the ap;,a 
4ttaobtd to 'the U•Wlbuto1t •• :lboa tn P~e u . 'the ttro 
pa,'ts.m loPu o1'Wntu1. Aft •' •1mlla l.n eupe~ Pafi·ten l. 
·i.11 ou le.fa• an<l oner •-.U peat to the J.sft ot the paltetn 
•tat••• t'a,fiete ! hae ••la il:ffl)t *tu.al •1-4 pedt• l)R et.twt•· 
atde of the. P•'itR CtlUl'lUt· nt.oh 1G IA !om obdact•»la~te 
d patt•ma ob'bbed Ina tbe1 lW'llWn_, "''''• Ut~ 
the smn pt• opelWlg vaa uee4 fo" th••• t.n teat •• _, 
1u1e4. tU" -11 pre1tm11'W'1 te•t·• irrfolYlal benton&.._c, the flow 
•ate wu Sl'Oatlf "4U.td. Xt 'Ibo 4t1utoed• la fl.ow,...,,., nn 
oaued bf tnere.-et l)r'••••• et •.tu. l•»t:e, i:tut -.poon p~o4ucea. 
a •••ult uaualJ.1 ct;on•l4ent: 'tln4e1te•ble .. 
. f&!WSl·•1 f!~I· 
»1 f . 11 mo ·· e b•:r of 1;;Sd,1 lt di.4 not •Plttd t•aalblt 
'Co •'"''*'' mo.-e tt.el.4 t•u•t• '1:lat 1-e-..on., WJ.n:dl, 0014 461• 
Wfl'et fNqQtntw. In oxe11 •t ~h• invea1,1p•1oa. ~t h 
·•~led tonad dtaf'J.ng ihe Wlnt•t montu,, tt1M d4 ~· 
'wmel teeta Oh a mo&Jl. nstrt.wtcw w•r• pl.Ina· A»7qe. 
tnta were .meat tt>I' 1U Uf ot th• ••.t.Huktlag, lOY•epeeA 
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at iowa Slate OoU$1•• Ellae• 'Crhla ~t.tnat1 l"et.i.~utes t.n 
o.ae ooatlnu.ous •24••4 •1•tera1 tt would be 4tttt.et\lt to 
ett•ottveJ.yt us• panular ori _,. •t•-"'S.•1 et l'U\1 k1a4 ln '" 
iaodtl. fhe teei e•o,1oa •t 1/fha Witt4 'tmmt'1 waa·S.4 lnobea 
' 
1d.1h bf ,, l.noM• wl4• In en•• ••• ,1.. x' thu bto•• 
••lt?.et ~• •1 model. coaatnoted ot tbs at.J';Plan• Ai•tatibuHJ' 
teat 4 b t:h• t1el4 ••t be ea.11 ac l:e lo ut.utalll ftmi• 
lu1 tr of et•ee11nd li!l . '11.t 114.nd 1une1, 
1J!Je;t&vl! It , .. d«ir, IAY~~tt11•&ea 
the tist»ibat•» thfllt V•.• tl•U tast•4 p~\\Ot.4 a wob. 
' 
1aw.e• riow • t• v!.th an apanm ·than wt. thout o.ae-.. It tM 
_ pi-eunee o~ the apJ;'o,n w••· tu eol• ~·• ot tbl.• :rlAuotl.on 
1n tl.olt, the apro• ea••4 la Uftdeell' t>1' U!CNaae 1a 
preseue •t the pt••• !o: tatab11a tu •fteot ot the ap1:0n 
on pM-•uive at the 1•••• en« tl> actt:ompllab 1ht th111« e'11-~..-
. ult obJec:&1•• J.iat.4 on page u, •pp3.e»entut ot>Jeotlvt• 
tott the Wini 'hnnelvos weH1 
lit' fo a •lln •'- conttnGt a ••tl whlo.:h woul.4 t.n«J.o te 
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41etl"tbutor wt.ta eM. Wl1tlout tb. · a~., 
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"elatt tho ae.aavaent• t4: tilt pHlot131• ,(l.l.ati11tbUtor. 
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ill'.)1'01ll"1 te t1rst •1 1 l• 
U•\ ti enoa (la). 
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h• OJ.•91 u or '• apeo1t1 *111 • ter no• J. 
••• • wen lJ'lt h ·the I»• • • • 
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b ti 1 f:l , I ••r 1 • ti e Vho$e 
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NOTE 0 .0 a 0 ON THE LEFT SIDE AND ©· ® a © ON THE RIGHT s•oE 
I NDICATE PRESSURE TAP LOCATIONS 0 40 INCH 0 .C. 
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NOTE I.LL OIMFNS10'jS I~ ' iCHE S n...- 1,. He&tl •'I U•W.lhl_.. 
tlu-ov.ah tu hole. fbla aaa• hJpo4•n1o t\t1)1ng v.a wu14 to 
oona•ruot an 1mpaot tiube wht.oh. vu 1a••l"'te4 ~O\llh a aull 
hole ln the side ot .. moul. ~ bol.e w-.a 1ooate4 ao ht 
th• open ad ot the nu, woul.4 \le poa1 ti.and one-hiAlf tile 
depth or 1ht •odel 41Hcttl.J bennth the atat1e Caps .. ·nw 
hole ..,_. ••al.•4 with cement when .nGt ·la UlHI. 
l'be ..tel. 11ae mowitef. on a ••• tftl:tlt 1fh1eh oould be 
at ta0:h• to thr-1.t• et1'U'ts ttud. 1n tb tt1n4 tunn.el oe.lling,. 
!be •01CJ>1et,e4 •o4•1 t• non tn '1pre 14, 
!~IA !l!ll!i b~Sa 
h~a.otN'l•tioa Gt the vt.t14 \f.ll'lUl tte9 o.btatnea. ,.... 
·iv•••on ( 18 >.. A tov-bl.aded taa waa 4r1•en 'bJ • 2,5-horse-
powe•, t~ee-pba•• ind•otloa otor. roiiwad Gt th• t .oat 
sect.ton wel'e ~.-1nob.-4quai-e lu1Ae1oomb •tatalpt:e••• •4 
a tlov control ••Ma. With thl• equS.pMnt, 'h• 4Jnam1o 
pJte•aue vat.a.ti.on. ao»osa 'JHt teet tiutotlt>D vari ed less ~ 
o ... J p1a:i~oent tro. the aean. th• tvbttl.•n•• taotor as dete._ 
m1ae4 1>7 dhg 1.tta9Ueme:•s on a ata404 •JJheH was fo'Wld 'lo 
b• l .as .. 
PJamo pttee~ tn •~ taunne1 teat •eotlon was o'bt*1be4 
tit • eutng t.h• P•••SUH dUte~eno• b•tveen th• •'ll.Ung 
o.b.db•n.- and the torv8N ••<l ot 'b.• teat a etlon with a 
Y•J'lftltl' -.noa•t••· tb.1• Pl'•••U»e 41tter•n e wtua ••la.'Ce4 to 
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rt.-. 18. Y•1M111 Hl1o ¥•,, M,..W.*• ft_.. t-. ..-1 
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'-lculattoa . enow• tMt tht pototn opfllatec at aa a1 speed 
et SO · lea pO ..,. Wotl14 ba•t a lie1Uoli '• rmmbt»i ot ap,po .. 
SaatelJ '60,000, lt '\the Ha.i-. obta•d tft* th&·• a$li . 
tat are to be •PP11tl4 t ·o -. :Pl'Ottl'1P•'1 lt 1• •:&••l'f to 
e:tt•apolat:e ttlt•• :()~·· Vntcnaatelr1 tt. ~eo• that 
~not o:onUt1oa• are .o--ns, J>A»tS.,.,.17 loP tht' 
·~t.l'hl st4• ·Of th• •«•lt taald,q •maJ>9'1*1!.im Ul'le••••lh• 
J.t tebulet baot.. tn 'tile •*•· et . the .ao4•~ atte n.-•*1.ns.1. 
;lt :ta J>••hbl• tbat the 1eae21al ranp of ~t"4•• .ot 
va~u touad ¥111 ~~to the pttolcf&JP••· 
i.l\IM' .lUDJlA 1•1511 
A •lftOk• tunnel* l'ttentJ;.7 ~·• . ,, ·tu Ae"nau•t.od 
· stn.eatq hpo'1aent, lna stat• Golle.ge, was •••« to• 
tet'lrJI t,h$ ~&•lit ftlt •nf4 had.. a " ••• NOU.•rt It~ ~­
lht8 M4. lw6 tMt ld.gb* fwtrttJ•ftft ~· J•'• O.fJ lAebU 
aput .-tttea puatt.n ._.. tllaeat• ~ ••• ~dul la 
•ho•lna •·tH-11n•• tin- ti. aoa1. 
. Plastle 'hloo•• ••• eemntea to 11't uawet.a.e DI tbe 
· . 4•1 41A•11.Nto•, •• tu •ole1 eaul.4 be. •lentn wlt'b tkt 
1att• pal.'alle;l to tJ;w. '«l~ . ~ta nov.f ~. 11.toa• v.-
. tape to the l:J3tk wG1 ot the •-*•-~•l•, 'lb,_. hb.1•1 
w: a ~peate4 at ea ab epee« or •P~•slnt•ll 15 fMt pt#· 
lfiUJ Nil l "'i t - t ti1 . ·· ii T . ·u I 
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1n en t1on • a 
to l 
tao 
0 c s 
eurt t1on vas Qi " 
nu• two t . •• o••1ble. 
n und.e e 
atJ.on an ill •hloh 
• u undt:r th al Ol'Aft. •1 tl 
o a .... -·:r..r.,-... ooul e ve pd 
u1rr~~1tta '& • co · oy o ct 4 lon t 
t 1 lo t1o • 
ei {33) to ln •• A'D10RIC1 l>lf fe • 
th 1atr1but1 p t&m obt&t.Ae wi li'~·-
-·~1........ Y\ 1at1 Ul · st1nea 
o 'taln t r • n mA1r:o1a re t e 
ot 1Swo :r tor 
gr · u.l c n-1 teats . gh 1 ro• ag~ e nt bias.n 
•. • g e.-ooa ea sa pl t a u 4 to 
• l o tt t er. 
1 ot-
Ult ens 1" a l"O 
•1ze oc 1»1on roe •• --~J.(l!i 
ount ~ unl o~ ·11 ~r a t1o tq • welgb 
l oa 1ons A sieve an.a 1• 
p 
4 no lv UtJet lnto~ tlo 
t o p l le •1•• ro•• t 
It 1 ho :.t 't 
ot t ea t'I the p e 
i tor ht• . • ll. ou.n •· 
n t ut 1o1e ·a, 
in• o111on ot 
n ch p te • ~a to be a ore 
ni 1 b · t ut~ te, 
t1cl ai. • cro 
the , a t"1but1o t em 
• ti t . t '1:1 1 ep t•. her 
oe t ·r baul.1 
lt Mid 
u1Cltl1 oU ot • A b• o 
b nt 1 e o v red t w 1gh . w • 
~ the . ans. 
tJ. t s 
r ••• ~ cov ed tsr~1n1 w1tb 
co1le t 4 30/60 • · l:Hn\tontt•. 
W'b1C ha p~ev-1 lJ 
•n 17 aome tln•• weM 
r-e 1ll on th aW1faotHl t ])1' 1'10114 coll ot1one, an 
ut11br1 l• 4. v~lopea 1't noe•un•lve ooll&cllon.. 
D~in t1•ld esta u 1 the pan it •• obse Ted tha . 
o: e ot the gr n\il mat•r1 l wa not ov1n . atl"al t &>•n, 
b t the~ . :r oi 1>11 :t!fearw . pl e. Al.thou 
v-1 ~ l o erva:t1on <114 not i'eve l o•1 tivelf that · atft' .i 
va• ounct o~t or the p.ae. 1t peat' 4 t.hat the absence 
ot vert1cal tde• tin the a might 11 & & lo • 
t 1th t aa111 . ie• v a'bl , d•l. w1n 't1iWt l te ta coUl 
iiot o J:t · 4.&d ta a v l.ue r,t )'11014 • · n · · :r sutt1 1 nilf 
htgh enough t:>btaln 1ntoi- tton wb1c.h · ota.4 e oolltld•ntl.J 
ua d to pre · ot act •Gurt• an4 Yei citiee 1n th ro'to• 
tne 41 ti-1'butor t. It boundarJ l er 'b. l.enc• 
&• lop on th un n- •1tle f . • model 4 rows twbu1en' 
o 1 the w ot the ao4•l• 1'tU 't1on 4og. ua to that 
to~ c~ d bo es such •• 1ltn • anA •P~• e.xtet . 
Should · hie the c~s~, the lu s ot th preeaw."e en .. 
•ionle ~u t1t7 d the Tel c1t1 ratt should noi ontln~• 
o ec"•' .t 1th 1nc~eu•4 po d •s n e , 
th.er tab111&e and p.rt1allJ ~eoovep. 
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• 1 1 · a1 p t. le•. lt •Jn l '• 
wer J. 1•• 4 Q 1'l1 er • J; ••• 
a su1 · ble Wit tet•lal. coul. • • totu'ld. However, th• 
mod 1 ults htom th1 ll" .. e ·· b 1n41e-at• tbl:l fqllold'• 
be• .t 1 ortant. or tl , re -on in \he opinion ot the 
autho ~ ' t tl inv••ttg&tl n• old , oat etteo ~ l.1 
b XT'l•d out us1 e;e. low velocity non.., eoucttlat 
t 1 qui~ e lJ tull oale ino4•1•" 
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i. .nsvlb\itlon p 'tens .o'btdfte4 Mi•• two p•alt•l 
anfl1Qra'l1otut. 
2. !he etteoti99 svatb v14tlt obtalne4 ttMe to bs 
•llfthtlJ peat•• vl1m l:nonated al't'1i<te. fht a.Yttrltge •watb 
1114'11 waa 1'-· t••• tor & 19 to d t ·oot 'l$ttu4• 1'881• at ta 
a1.- •1>9•• 0:t ao .U.a ,_., ho•• 
'• Git••• wtn.4 f.lep~cee .,., 4latJrtwt1on patten 40wtt 
wittA appron•tel.1' 2,. , net ])el" mile pa ho• lo•• 19 to 
a.a '"'" al.tllu&e l'M&e• 
4.- loae,dnlns hlF etteot1•• 1w111th wt.4th,.. un1t~ 
4lett-tbutloa, a:n& •mall latn.1 pat.tem riltiplao•••nt bJ WU.4 
aa aefllN.blt att•l'butea, abplart• 11tpplloailon ou be nioa' 
tucoM•tul.lq oon4uok4 a.I an $h- •1u1&4 ot $0 mt.le• Ptl' hou. 
an4 afll al:ti1:tu&e ot appron.t.elJ 20 t•et~ 
J. X't 4o•• noA1 app ar poaalbl• •o tW la 'ii:he •oat•J" 
val:t.e1 Gt 1u t1.stRibu,tl.otl p•t'era 'to• all. tdn4 oona.111.on• 
wlt!I. eq:ul ma1Jtit1d. tlow tll~ eaa et the lMtr' pa.S. ot 
41• lrtbutc. patHt.apa ora,. 
'· Daa•d on taro k•t 11m•, a nttie-laa ap~n 1110unte4 
th.a 1engtll of ~ht »•• l.twt# lip"' th• 41•t:•1'.bu'°'" lid no$ 
itapN¥• the «1•t,11>utlon patten+ 
1la"4 on a o.a~tton of J'8.fUlts obtaln d ho• &le•• 
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t••ta, ~ toUmq OGrtOlUllonf •• a.a.et 
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ti ·13 lnett et1v• 1n d1$l'Jlac 
or'1 o t · r he p llt• s l:1p 
4. Tb " 1: iW 
• 1bu'to~ at 
tbe d11iribu ·o 
a ·19 ot l:S depe•• Owtllf 
onl.1 •U •11 ttt 
Up ot 
w th iteape " 









th · to l.t 
te • Ut. 
tgg i'.t J . ., ,, ». o r. . • a .. , 'right 3 . , and Petty, 
H.,a.. 4ne ot1 14e• to oont.l'ol th :iu-opeali oc:-n » . 
1n t1e~ oo•rt. J . ot Eocn. · tom. 4; 40l~4to. 1947. 
' 
• 
itt ot polao u d "' pU. , 
d P1g•.. 1. E.n • 28i 23 239t 244. 
le a. 
Cl 11 er utioa n1str ttQ • 01v11 Aeron tic• • 
• 2nd ed. ash. , ».c. , u.s. Go , Prl t . t. 19$6, 
D.,O., , 
u . oll'., .. a., , . r1n e , !.A~ • ve , . G . ._ •n •1• 
3 . "• nular 1 eecttctde t ~ JUtope . corn bol'el' 






l.ng Jee • o l C op • 9: 49?. 195'. 
1n t o h air- erlOan erl n e . 
l.50. 1956. 
e ch .• o.o. u • ot the , 1 • t'or p •t ontrol.. 
1. .n • l6: Z Z42, 244. 1947. 
on, al. • 01'1.1 1» it .lstlon• oonc&rn1 
- 1 ultU» 1 A1'1at1.on . oond 1 . Avn. • · Cont. 
• o . 1954: 5 ... 7. w sh . ! D.o.1 uan , _ . • •· aen1••• 
Ott• ot A lllab ~ \0 • l:~.S5) UU .. meo. ~ p • ) • 
nr1, J • tert d dl• t"ibuttng equ1 ent 
stu •• with dr7 e:r1 la. Jc'1fth n . Ob10- In • 
.AWl. Cont. Proo. 19.56~ aec •. 4, • ol us, 10, 
o Am. o . • ( • l.956) ( 1 eo., ept. ) . 
t1 d tunn l atu ea ot -entur1 t7p · d1 tl>'ib -
1oultur troratt . Dept,. ot .._ 1. • 
;xp. ov . 956 . (M1 o, r . ) . 
tcul.tlU' l 1 pl ent. 
$ ' tor lJlng srau~•411~ 
corn t>orer. 
Iov t College 
1 111.tude 1n gin eN.n • ev Xo , 
• l.950. 
: 497. 19$6. 
v hi 1 tor aerial 
the ·• • Alr Jtoi-c • 
2.S. Piper• II. Pipe7 AU-0~\ 0011)1, Loakba'hn, Penn. 
Into t1on urcr t di&tl'ibutor ope t1on .• Pzti•ttte 
oo unic tion. Apr. 23, 1951· 
26. .Pope, Alan . lnd tunn•l te ting. 2nd ed.. ew t *• 
w11 7, 1954. 
28. 
)1. 
l s. and Bl$.ok•nstart, o.o. 1Jth't 
d oi- r . tow F 01. ': 6-8. 19~9. 
·i-e:r• 
org • . Col.leg St tion.1 !ex s. tteot ot 
d alrcratt hetghth oa r1o• aeed 41•tr1but1on. 
ape~ rEu:Jertted at the Th1r4 Ann. T x,. gr1 . Avn. 
Oont. College Station. exaa. eb. 22. 1954. ( o. 
r•pt ., ). 
' nd61'•• George • ~qu.1 nt and rocee®~ • tor tllt 
aaure nt ot d o•1te ot er1all1 applied ater1 • · 
Ohto r1 . • a , •• Bul. 727. 1953 • 
• L. , OW•n 1. • L, Ir. • 0: 1n•• t J . C. Jtt. , an& 
Un ill. Boll wee'11l oontr;;l y 1x-p ne 
x. • &xp. • taJ.. :;t4. i9a9. 
1ok., . ed E., velop ent ot an agrioulttll' l a11"pl.ane. 
- 1. • ,,,. 361-364. l9.S2. 
,2 . Oolleg St at1on, ezaa. Not•• on the eaign 
ot tiatr1bu o s tor ~1eultur l ircr ' • P per 
presented. t th . 1r· Ann. Tex. ~1. Aw. Cont . 
Oolleg• · tation1 Tex a. Feb. 22. 1954. ( eo. X"opt . ) •. 
' '· College s 1on1 Tex a . ~h d1 'r1but1Qn 
tt m a•ur•men' pl'o t fex • A 6 M. Paper 
re•ente4 at th oon.d Arm. Tex. Agr1 • . vn . Cent, 
Coll S'tat1 n, ~x • lb . 23,. 1953. { eo. r.ep't . ) . 
e v r, o. .... Oolwnbu • Ohio . I ~ove nt in &l"1al 
ppllo t1one ·of 1na otloide tor sp1ttl.ebug ontrol. 
P :p r preaente t 'Che Fifth Jf..nn . ·a-Ind. A l . vn. 
Cont . Oolwaue. Oto. eb. 23, 19.S6. (M1meo. rpt.). 
'15 
36., Wtlaon, ' . • , 
The .authol" vi hes to e~r-Jse hu app1. eo1 tion to I>!' . 
K. I . B ,.n"o and ., . r.;.. LovelJ f'or th•ir gu1d&noe a!ld 
c>oo e.. t1on thro '.lt the conduct ot this r arob. he~ 
me?libt'frs ot th• , ertcultu.r l Englneerins Start h@l., ed in 
•arlous wa1 • heir e 1 t nee 1• s1.ncere1Jt p.reciated. 
· • rr. A. r1ndle1· ot t h i.wop& Co:i'n Borer Reae ch 
l bo1'" torr, toaaology ranch, ~1oultur Reae J-ob Servioe, 
United St ates D artaen -;:,1 A S.c\ll'ture, A?llten1, Iow , 
-•la td 1n king aJ'r ge ente tor \he r1eld t t · n 
d laborat ·r1 tae1l1t1 s av 1labl& durlng the conduct ot 
the teata. i1 1nte~•st and cooper t1on 1 greatl7 
reo1ated. 
The author 1• gr tetul to Charle• LaYert1. Indianola. 
towa.t tor h1.• g•neroua contribu'U,on ot a1 lane nd pilot 
t1 e to e ofuJlbl• th• tS.eld 11\v t1ga'U.on ot th1• 
r eerch. the uth r wlehes to thank lO'fd -ggen, pilot. 
to:r hi• o<>opeJI' t1on and ak1l.l 4.eaaonatr ted duZ'1ng 'the tea'• · 
• uihor wt&hea to thank • E. W. Andereon, bead ot 
th• eron utioal Englnee!'ing Dep riaen\, Iova St ·te College, 
tor 1rig td.nd 4 smoke tunnel t 0111 tie s.va11 · ble for 
odel t ting. 
?7 
?8 
• .. a intensi t,- or 1enall7 a1' li '0/60 ffb te am ·r• 
Cros, t .. ft 2 t~ 19 tt 20tt 
d1• w1n4 ;.o llPb ).2 l.o l.O aph 
tr centa d1t' tioa 2600 0 6()0 6()0 
ottigb • t atl ta 
lett to hopp 100 lb• 90 lba 300 lbe '.)00 lblt 
M.ght (lba/acN) { 'oa/acre) (lu/ao.-.) (lbe/acre) 
(tt) 
24 0 0.2 0 0 
2.s .4 0 o.6 
16 13.7 9.9 0 6. 
12 30.7 .a 3.) 6.8 
s 4z,o '6.0 68.1 3 .2 
4 54.5 42.2 ,4.2 60.) 
25.6 •S " .4 .1 4 17.7 17.6 40.o 39., 
8 19.7 27.IJ, 41.8 ,,.o 
l.2 )l.4 3'/.5 )9.6 ''·' 16 16.2 24., )8.0 26. 20 7.6 12:., 11.s i3.s 
24 1.6 .e • ,., 
28 () 0.1 l.9 o.6 
32 0 0 ., 0 































































































































































































































































































































































































Tabl• 4. ~o~•• an 1nt41Mi\7 t aeri.al.11' applied 'j0/60 •• bctonite 

















































'fa'bl• S· Acro111- watb. 1nteu1tr' ot aenal.17 applia4 J0/60 ••• 



























•a.t.veen '' - lSO l*l*'• of uteriel 1ud.ntatae4 iA hopper a1i4 a 
























































































































































































































































































































































































































































Cn•• na tS. .. 21 ft 18 ft 2 .tt 20 tt 
dt...tanoe v1n4 111}il l 6.,S 6.5 
tl'o center directi - - 2,5° 2, of tll.aht. nter tel' apPOn ·~ lett to pa•-.•• (1.,./*1l"tt) (11>1/aon) 
right (l /acre) 
( ) 
o. - - -24 l.4 2.0 .... .... 
20 e.3 1.5 O· .. 
16 20.3 18.9 0 0 
12 • 33.8 0 0 
20. 21.1 0 0 
7. 9.2 0.2 0 
0 .7 '"' 2.4 .5 .8 13.6 ,., 3.7 8 15.0 tt.9 4.9 2.2 
12 13.) l?.6 ,., 9.7 
16 7.4 ,., 2.; ,5. 0 
20 0.7 1.0 ) ·.S .7 
0 0 3.7 2., 
28 0 0 2. l.7 
J2 0 1.0 1.2 
'6 .. l . l l..6 - 0 0.5 o., ,..,. - ... 0.5 0. 2 - - .. 0.1 
ot aat.d lldnta1necl in a 
utnta:l.Md 
bl• • oro • 
grantll. 
th 1ntensitJ- o~ awitl~ pl1ed "J0/60 eeh toftite 









lltttud• 20 t a 
air speed O 
wind 12. 0 ' • oo 
fi!?puaye 
0.1 - 0 0. 2 0.1 0 
o.s 0.3 l 
l .? 1.$ 10 
3.0 4.6 
4.4 3.8 42 
3.4 4.j 49 
2.9 .7 45 
2. 6 2.2 ~ 










·0. 2 ""' l -1.0 0.9 6 12 
2.5 1.6 16 
'·' J.6 26 35 2.6 4., 30 45 2.9 2. 0 18 19 
).; '·' l 7 1.3 • 18 16 0.1 0.1 s 
0.1 0 o.s l 
0 0 o.s o.2s 
..... JJ<lnr:.a,,,Til,ed ha a e1nal• nn with pane and \late• alt.mate parallel 
row: t1ve tMt 4PO'\ 
b obtained roa • ... ran vi.th. pans 
arallel. 1"0W* lft .. , •<-Jf"L 
plat. alte:mate 
DftlilX 8.t 






J) , •• 
86 
lo 1t e • • • • 
' 1 • 
9 ... 
t 
n 1al. :w en d t ' 
b Uon 
, • ev.2 • 
• e • 1 
= 011 ( ~~~~~~:::.r:~t.....C!~...-
• o.o4 s (~~ 











•1 i e 
' f( • l• •• 
[ 3 • ' i- 0 . 5?5 ( ~ 
[3 • 5 + O.Of?5 (9 >] 
. ( )~._ 
2 • .so l. ) 
• 
• = o. 9? 
~....,. (62. !?) (O. 9?) 
.1 ., 1 
,,.. ·3- l ... ( 0. 12) - 2 • .. ,. ... ' 





tln the •"at lo . 
s • • A• wa• UA\i,....,, .. loD 
4 t 8 \ll tan11nu 
r•• e ot 1 aa 
of 't pa 
• 
11 • atio reaa\U11'ta we~ 
t 




Pl • (,. 30) ( 
·= -o.6? •t 
• 
a 1 • o~ ain J 
•t 
1 ' 
• rr .. 
eo •• t e 
at tb 
the .,. t 
14•• r ot 
I f a2 1: ) • 
11 
•t 
..-0.,67) • ~'' ., 
65~ 9 tp• 





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Tabl• l.,. 0. 41•tri toJ" ta tor- veloo1v at l t1on 1 td. • 
r A1r !pp .,nohi' • el.oci • Veloo1Q" ~-- ~. Yi ·wl 'eity, nwaber, (1 •) ratio, )( 
<b.> 414 (10-J (10 •lo.a/ a 
•l c/ .t) tt- ) (lo4) 
2. 230 38·27 ,,., .60 61. 9 1.162 
2. 226 38.,3 ?6., 3.10 90. 0 l .1?5 
2. 222 )8. 39 86.s 4.1? 100.8 1.16.5 
2. 2 0 38.44 90.6 4 .. )6. 10).9 1.1"6 
2. 0 • 6 11i.o ,.,, 134.s 1.160 
2. 204 .68 1'7.0 6.02 11.fl. O 1 .1,S 
2.190 38.8, l .o 6.6, 162.J 1 .14;5 
2.174 '9.09 l,5l .. O .99 17). 2 l . l.47 
2.16 »· ' ise.o 7, ' 1 2.0 i .151 .~ '9· 16S.O ? . 4,5 1 .3 1 . 1.30 
































































































































































































































































































































































































































































































































































































































































































Table 1 • · el d1.etr1~tor ta tor ••loci ty a looat1 4 with . ron 
1" Air Approao elocit.,.- elooit,' 
~· 1ty. 'YiaooeiU:r·, 'Ml.oo1tf'. ~~) ratio, )1 ~ 
(10-) (U-8 •lug/ <"8> • •1 /et) rt-Ho) 
2. 22 36.J'.) ,,. . ., 2.6) 79. 1.4,SO 
2. ,38.44 71.2 ,.69 uo.o 1.42) 
2.21 35.39 86.6 4.l? UJ.O 1.418 
2 .. 20 38 • .50 9<>.9 4.)4 129.2 1.422 
2.20 )S.,56 116.0 5.52 162.2 l. 
2.19 '8·1• lZf ·O $ .. 99 117.0 .395 
2.17 35.91 142 .. 0 6.60 195.8 l.)80 
2.16 391114 152 .. 0 7.00 205. l.),! 
.1.5 39.,s 153.0 7.16 .o 1.,,, 
2.1· 39.54 16'.0 ?.~ 220.0 1.3)2 
2.13 39.7 16 .a 7.58 2 .6 l ·.)22 
Table 19. oci•l dietrl.bltor data r el.oc1ty a l •t.1• S wt th •pron 
l1J!' -mold'• 9lool:t,f'. v.i 1. 




.~ a. ) ~ (10·) (l.o-8 al I ,).( 
•l /of) •) (104> 
2.195 38.79 ,4.9 !.,58 69.l 1.260 
.l8S )8.91 76.$ '·'8 94.o l.228 2.18.S 38.91 87.2 4.0? 1o6 •. 7 1 .. 222 
2.18, )8.91 90.9 4. uo.;, 1.%1.6 
2.175 )9.02 us.o 5.34 1'60.) 1.221 
2.110 39.14 12?. '· 152.s l.200 2.160 39.)2 142.0 6.50 169.7 l.193 
2.145 39.49 149.Z 6.75 178.3 1.1,.5 
2.1 ., 39.7 .o 1.0, 184.4 l.168 
2.120 )9.89 l .2 1.22 190.8 1.162 
.ns 39.95 169.1 1.~ 193.7 1.145 
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